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The  h'unilional  Vnthohtm  <»/  Surifical  Shwk 

B\  I'O.M'I'.kTKI)  in\f*li|{attiiii  in  cxi-irmMMital  iiuiluiiif  in  Kn|{laiiil  ai  m 
tins  o.untry.  mnarkabic  |.ni|{rc>i  v^a^*  ma«k>  (lurutR  the  last  t*o  y»;i  ..i 
the  war  in  tin-  «lnri<laliiin  of  ilu-  laiiM-s  of  iln-  lotiiiiiion  known  as  shmk  I  i< 
arc  several  varu-lii's  of  this  condition,  tin-  luo  most  iharai  tcrisiic  of  win.!;  in 
surgical  ^liock  nift  with  in  tlie  oiHrralinK'  room  ami  after  scvrrtr  accidents  m  .  ,u 
prar'icc,  and  st-coiidary  trench  -hock  met  with  at  the  battle  front.  In  «\.m>  .■. 
sential  jiarticular  the-e  two  conditions  ai'pear  to  U-  alike,  ami  a  condition  ,], 
parcnlly  idenlic.tl  with  thcni  can  lic  [.riMluced  in  lalKiratory  animals  l.y  \.< 
exiHriiiuiital  procrdnics.  It  is  larncly  hecau-e  of  the  availat.ility  of  this  t  sj. ,, 
mental  material  that  it  has  U-en  [Mtssihli-  to  throw  so  much  liRht  on  the  |)roi.!.m 
Thi'«  hut  serves  once  a^am  to  illustrate  the  neccsMty  of  animal  exiKTimeiii  ■  .1 
in  the  furtherance  of  medical  aiul  surgical  knowledRe,  Had  it  not  l»crn  t"  ■ 
work  done  on  shock  in  the  lalM.ralory  l.y  Hayliss.  Cannon,  Dale,  Krlenmi  m. 
others,  the  war  mi|,'l>t  have  ende.l  without  our  heiuR  any  further  advanced  m  u 
knowledKf  "f  'l''s  mysleriuiis  :unl  fatal  condition.  It  may  \<c  of  interest  li. f  t. 
review  very  hrietly  some  of  this  exiierimental  work. 

We  sh.ill  coi  idcr  tirst  of  .ill  the  invesliKalions  l.y  Dale,"  and  L.n.lUv 
and  Richards-  01  \n:  ^liock  like  condition  which  is  produced  hy  injection  .. 
histamine  ( iniina/yletli>laniine  1.  This  ,ul.staiicc  is  derive<l  hy  remoNal  ot  iIm 
carhoxyl  Knnip,  as  CO...  from  histidine.  otie  of  the  most  important  of  the  I  M 
in?  stones  of  the  protein  molecule.  Injecteil  quickly  into  etheri/cd  anini 
\v.,  minute  .L.-agc  <\  mg.  per  kg.  lH>dy  weight)  histamine  sfxm  caus» 
arterial  Mood  j.ressure  to  fait  to  the  slx^k  level  of  30  4()  mm.  Hr.  For  a 
period  prece<linK  the  fall  there  i>  a  rise  in  pressure  due  to  constriction  nt  ilu 
arterioles,  and  this  constriction  persists  vvliile  the  pressure  is  falling.  So  far  .is 
the  obvious  va-cular  changes  are  concerned,  therefore,  the  condition  is  s|i„ily 
comparable  with  those  found  in  shock— low  blood  pressure  and  con-ti  .inl 
arterioles.  I'.y  the  time  the  pressure  has  fallen  to  near  the  shock  level  the  cmi  lia. 
pulsations  disappear  from  the  tracing.  The  respirations  al-o  cease,  but  n  iln' 
animal  U-  kept  alive  by  artificial  res|.iraii>.n  and  the  thr.rax  o|KMied  for  in.|..  M.m 
of  the  heart  this  organ  will  Ik:  observed  to  be  lieating  quite  vigorously,  with,  i  ■« 
ever,  a  pronounced  deficiency  of  blfxid  in  the  auricles  and  in  the  large  vein-  Ih.iIi 
of  the  thorax  and  abdomen.  This  observation  atVoids  i«)sitivc  j.roof  that  in  'lii^ 
form  of  shock  at  bast  the  fuiui.iiiKiiial  cau-e  for  t!ie  condition  is  inadequate  ' 
tlow  to  the  heart.  The  questi..n  i-.  what  becomes  (.f  the  blo'  ?■  Kitber  it  niii-i 
out  of  the  blood  vessels  into  the  tissues,  or  the  capacity  of  the  former  ni'' 
increased.  I.oss  of  blood  itself  could  scarcely  occur  short  of  hemorrh.i:;' 
which  there  is  no  evidence  in  hist.-iminc  slu.ck  but  the  water  with  some  .■ 
soluble  constituents  (plasma)  mi};bt  become  extravasated.  leaving  in  the  v 
blood  excessively  rich  in  corpuscles.  Such  extravasation  actually  occurs  in 
bist.nniine  shock,  as  revealed  by  mca-uienient  either  of  the  concentration  of 
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^  liin  or  iif  the  ritrim-cU-i,  tml  ihi-.  iti  il-rlf  lan  ift  riplain  ;ill  of  llir  ]»■>■>  in 
ulatiiiK  M.M..I.  (u,  II  ihr  liioUiiiiiiii-  U'  Kuvii  x|i,«K  i,.wr  |wri<Hl  of  ^)  M) 
n  I  it  lako  imult  luiiKir  f'-r  tlu-  s\uh.U  t„  t*ci.nte  f.ial.li^linl,  timl  tlir  I.IihmI  lUtv^ 
<>■■■  -how  any  iiicr«a«f  in  ihr  |Htir,it.n{i'  of  li.  iiioi-l.it.in  -.r  in  ilir  nunilx  i  of  ,or- 
i  1.  v!e».  In  Ihf^e  iiw >  «c  arr  ilrn«  ii  to  i..nvliiili-  that  nnu  h  o|'  ttw  I>I.h..|  nuii.i  I* 
•  i.lrawn  from  mrrjiuy  l.y  si.iitiuiion  ni  .lilalnl  vomU  |)irtvt  evulrmc  for 
'  ini|«.rtant  colulu^ioti  li;i  Ucn  MiurnI  l.y  <lcf.rniirialion  of  tin-  volume  of  cir- 
unit  hUw^l  f.y  mean*  nf  the  vital  rrtl  mithi«l  of  K«ith  ''owninc  and  Ikt- 
ii;  !^,'  «le«cril>iMl  rUrwhcr,'. 

AllhuuRh  the  oliKcnna  i^  due  m  great  |.art  to  .jilaiition  i  .he  ca|.illarie't  and 
v.iiiilesof  the  inteMine,  a^  can  Ite  Miown  l.y  m-.|.eition,  it  i^  aUo  partly  dependent 

I'M  ddatation  of  ve»Mls  elMwIi.re,  oinie  hi-iamine  Nliock  can  I.C  induced  in 
II malt  fn.m  which  all  of  the  mtc-tinet  have  hem  removed.  The  vessels  of  the 
•kiktal  muscles  arc  prol«hly  the  chief  extraahdominal  vo^eK  all.ctc.l,  for  al- 
ih.  nifh  no  dilatation  of  the-e  ran  ur.linai  il\  Ik-  vc.h  m  hi.iamme  shock,  it  l*conic* 
.)«  i<  evident  in  annnaU  which  have  tn-en  tran>iu-ed  U-fore  U  in({  -lucked.  The 
«|illarie»  (and  venules)  in  these  area*  evidently  lose  their  tone  no  that  they 
I*.. .me  tm)  roomy  for  the  avail.il.l.-  Mood.  As  a  matte  of  fact  Dale  and  Kich- 
•ir.N    have  shown  that  histamine  alM.Jislu-^  the  tone  ..f  capillaries  at  the  same  time 

i  .1  It  increases  the  perineahiliiy  of  the  walls  and  s.,  i^rmits  the  plasma  to  leak 

'' «''•     '!'•*  ""  •T'fniint  ..f  this  latter  action  il,.,t  liiHtamine  when  it  is  rul.lK-d 

Hti  'he  scarihed  skin  s,«,n  causes  the  formation  of  a  wheal  like  that  followin);  the 
'in  of  a  whip.* 

When  histamine  is  (jiven  to  unanestheti/ed  animals  aU.ut  ten  times  as  much 
.<n  It  vvithstoo<l  as  in  tliosf  that  are  anesthetized  with  ether.''  At  hrst  sigh;  thin 
rt-Mtit  might  seem  to  discount  the  ohservatioiis  ,,11  etherized  animals,  but  on  the 
o.n'rary  they  Rreally  enhance  their  import.iiue.  They  iii-licate  that  whereas 
!lu  normal  animal  is  al.le  to  comhal  the  toxic  action  of  histamine,  ether  greatly 
Kirtsses  this  iK>wcr,  an  ohservation  which  agrees  remarkably  with  the  clinical 
NiTience  that  administration  of  ether  is  most  (langenius  in  persons  who  are 
111'  itened  with  shock.  The  [K.isoning  effect  of  ether  [H-rsists  for  some  time  after 
•III  iiiesthetic  is  removed,  and  it  is  no  doubt  (leiiendent  upon  a  toxic  action  on  the 
'III  ihelium  nf  the  capillaries,  for  it  is  particularly  in  such  animals  that  concen 
''-'..ti  of  the  hl(v)d  is  evident  after  histamine,  it  is  of  great  significance  that 
11      iiiine  did  not  readily  produce  shock  in  nitrous  oxide  anesthesia. 

Hemorrhage  also  greatly  predisposes  to  histamine  slu.ck,  but  in  this  case 
111'  l.l'.od  is  not  nearly  so  concentrated  as  ordinarily  because  of  the  passage  of 
!''■'  la  from  the  tissue  spaces  into  the  vessels,  which,  it  will  be  remembered,  is 
il"  "aiural  reaction  of  an  animal  to  hemorr'iagc  alone.  The  cause  of  shock  in 
■"•     minials  is  mainly  the  ojiening  up  of  the  vessels. 

Mmy  bacterial  toxins,  both  when  api.lied  t(.  scarified  skin  and  when  injected 
venously,  have  effects  very  like  those  of  histamine.  It  is  also  <vell  known 
-liock  is  peculiarly  common  after  injuries  in  which  there  has  been  extensive 
iiction  of  tissue.  The  facts  warrant  the  suggestion  that  shock  may  be  due 
'  'ation  from  dainagcd  tissues,  particularly  the  muscles  and  the  viscera  of 
M.bstances  acting  like  histamine      This  conforms  with  the  fact  that  shock 
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■•ccn  c>;!eii-ive  tie:,! ruction  of  mu.scic.  or  vvhc-ii 


Ihr  liver  or  inlc«liHc%  jtrr  rimjjiily  li.inillril      h  i«  [nciMr  al^u  ih.il  ilw  'li""' 
inicsiitul  ol>^!ru»  IMW  »*  (itwIpmc-nt.iMy  «|w  »•>  nlwirjiitim  (nin  ilu-  M<i««|  ii(  «m 
«ulniaiu'e«  frmn  ill*  tl<t"''l  t<»ij   •>(  mii'-.tiin'      \\  liipiilr  .iml  ll<i'-|>«t'«  ili«i<i 
ihat   ali^nrjdmn  of   a    |ri,i(i>M«    i»    r<'(>i>tt^ilili-    ("r    llif    'tii>«klil»p   «)Mi|iii.ii 
tntrvtiri.il  iili-tru<  limi  arr   wr)   •in»|{i'«li\r  iti  lUi»  ii>iiln-«'lM>fl." 

Hut  to  rflurii  (i    HiirKical  'limk      I«  il  |»'-»iMi-  thai  ilir  «'Mn<lit">ii  i*  ili'firii 
U|>«>n  tf»litHt«ali'>il  hv   liUtaiuifir  lik«"   Mtlnlant-r^  alt-urUil    from   j-rrally   ilati'        I 
lintuc  ?    To  tr^e  ihi*  hy|>«>llw«i«  l'.'in»i>n'  ami  itlltrrv  liavr  m\ritii,'atri|  the  rfi.   <■ 
o(  crufltittK  Ihr   nui«ilf»   of   ihr   liiiul   liiitl"',   with<Mil   rxirrn.il   luinorihai;'       '■ 
Wow»  <r«in  a  lieavv  haiiinnr      II  wa«  I'.uiitcl  thai  an  imiiuijialr  fall  ifi  htiMxl  | 
iure  occurrril.  (ullimnl  hy  a  innrr  Krailual  ilfi-linr  to  the  ihink  Irn-I.   v*  r      c 
•Ircreane  in  thr  l*< ),  cniliinitiu  |»>w«r  atnl  n  inarkr<l  nmrrntratiun  of  the  M.    .1 
Thi«  r€-.iilt  wa*  ti'it  diu-  !•>  iirilalioii  <pf  attiTitit  lUTvr*.  caii»ing  rxcr*»ivr  'Ih:  u 
Ution  of  thr  va^oiiiniiir  iTi(trr«,  »itu*r  it  ixrvi'lril  in  aiiirnaN  in  whiih  all  ii- ^   ^ 
of  thr  linih  ha<l  licrn  cut;  nrilhrr  wa*  it  ra<tMM|  hy  any  linal  lo"  of  ciri'til  iinii; 
fluiil   (hy  ililatation  of  v«->«eN  or  rxtrova-ialioin       !t   v\a<  «|iir  to  the  ili'i'h.ir-r 
into  thr  circulation  of  «oiiu-  toxic  nialcriat,  "iiicc  no  -hock  ri'-iilti<l  ulu-ti  thi-  '.  ■ 
«rl«  of  thr  'laniaitrcl  liiiih  wrrr  clatiipcd.     Removal  of  ihe  clani|>  ■•omi  linir  ..n.r 
thr  ilaniaKr  re-iil!r<l  m  the  immediate  apin-arance  of  the  »ym|>toni»  which  c.i.,!.i 
agnm  lie  cau«e<l  to  (|i»aii|war  m. mew  hat  hy  it*  reappilcijtion.     Ah  to  the  im'mc 
of  the  toxic  malenal,  the  hr-t  i»)«»ihiiily  to  lie  con-iiiete<l  i*  that  it  i*  uiioxi.li  .  1 
acid  { lactic),  which,  it  i«  well  known  accitmuIaleH  quickly  in  imi«cular  t!      > 
whenever  thi'  i»  ileNtroyeil,  or  when  the  riniilatioti  tliroiiKh  the  ti^tii-'  i*  H''    '* 
curtailed.     Ah   i  mailer  of  fact  it  wa^  found  that  the  l(  )^  carrying  [M)\\er  >>\    i, 
hliMwl  liecanic  ^really  clepreH^eil  whenever  the  toxic  material  was  iwrmiiiii 
enter  the  circulation  hy  removal  ol   the  clami),  ""''  ''  '*  "'"  ^>""^^"  •''•'•  '''■  " 
in  alno  a  decided  depre^iion  in  the  lilood  carlmiiali-  in  »ur»;ii  al  -hock.     .\iu\  m 
toxication  can  not.  however,  he  ihe  mam  f.utor.  and  lor  tiie  |4>llowiiin  n  ,i  ■  m- 
I.   Injections  of  lactic   acid  inlravenou-ly    ilo  not   cau-e  shink.  ni'ilher  ilo  iln 
prcdisjMjse  an  animal  In  it.    2.  ^opioii*  iiiiectioii-  of  hicarlxmati'  Mihilion  d^  .i.t 
prevent  shock,     i.  Extracts  of  daniaued  imi-cle  m.ide  with  i-oionic  oatiiir  '!■■ 
have  a  shock  like  cfTect,  hut  thi>  i-  just  a-  k'«""  wluii  ihe  laitic  acid  in  tin  .\ 
tracts  is  neutralized  willi  hicarlM)iiate,  a-  when  they   .ire  uninutrali/ed.      .Mm 
over  the  fall  in  the  I)I(mkI  carlmnate  d.  is  not  coincide  with,  hut  raiher  pno  !.-, 
the  development  of  the  »hock  sympt<in  >.     .\n  excess  of  lactic  acid  in  the  1'    "I 
has  heen  noted  in  the  later  staj;es  of  mai.v  ca«es  of  -hoik  i  \\  iymrs  ami  M.uli     1  . 
but  this  is  a  secondary  ctTeci,  and  it  is  dotihtl'iil  wIh-iIkt  it  i-  the  only  can  '    :  •• 
the  depressed  CCJ^-carrying  jxiwer  ot  the  hlood. 

In  one  or  two  cases  the  muscles  wore  crushed  in  uiianesihtiized  cat-.  !; 
the  result  that  shock  did  not  invariahly  follow,  luii  iliu-  does  not  invalidait  \W 
ohservations  on  anesthetized  .inimals;  it  only  shows  that,  as  in  iiistaminc  jnh  "n 
ing,  the  anesthetic  weakens  the  resistance.  \\  luii  the  normal  animals  were  lilcd 
before  the  crushing  o[>cration.  shock  suiK-rvened  with  certainty. 

Taking  the  results  as  a  whole  and  coinparinj;  them  with  clinical  exjuii mc 
a  very  strong  case  is  made  for  the  hypollie-is  that  surgical  shock  is  essiiii  .illy 
due  to  intoxication  hy  materials  derived   from  damaged  tissue.     Shock   i-      ir 
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